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(57) ABSTRACT 

A semiconductor memory device includes a memory cell 

array in Which memory cells each having siX transistors 11a, 
11b, 12a, 12b, 13a and 13b are arranged two-dimensionally 
on a semiconductor substrate. The semiconductor memory 

device also includes a plurality of Word lines connected to 
each of the memory cells, and arranged on a parallel to each 
other along a ?rst direction, a plurality of bit lines connected 
to each of the memory cells and arranged on a parallel to 
each other along a second direction perpendicular to the ?rst 
direction, and at least tWo gate electrodes provided on the 
semiconductor substrate such that each of the gate electrodes 
is connected to at least one transistor of the siX transistors, 
all of the gate electrodes 3a, 3b, 3c and 3d being arranged 
on the same straight line parallel to the ?rst direction. 
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SEMICONDUCTOR MEMORY DEVICE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
memory device and more speci?cally, relates to an SRAM. 

[0003] 2. Description of the Background Art 

[0004] According to the SRAM, since it is not necessary 
to perform refreshing operation in an on state, the SRAM is 
easy to use but there are many elements in one memory cell 
and its occupied area is large. Then, reduction in the cell area 
has been required. According to the conventional SRAM, 
there is an eXample of a layout of a cell in Which a Word line 
is longer than a bit line, as disclosed in Japanese Laid-open 
Patent Publication No. 9-270468 (corresponding US. Pat. 
No. 5,744,844) and Japanese Laid-open Patent Publication 
No. 10-178110 (corresponding US. Pat. No. 5,930,163). 
Thus, speeding up is implemented and a cell area is reduced 
by reducing the length in the bit line direction. 

[0005] Furthermore, With respect to miniaturiZation, a 
phenomenon of distortion of resist pattern on a Wafer 
(optical proximity effect) becomes quite noticeable because 
of optical interference in a photolithography machine. In 
addition, With respect to the process of etching, there is 
generated pattern distortion after etching caused by a micro 
loading effect. The micro loading effect is a phenomenon in 
Which as patterns having large difference in density are 
matched, an etching rate is loWered in a depth direction. In 
recent years, in order to make such pattern distortion mini 
mum, an optical proximity correction (OPC) technique 
Which previously and automatically corrects a mask pattern 
in the process of photolithography by a CAD technique has 
been developed and used. 

[0006] According to the SRAM, it is necessary to take out 
data from each memory cell through a bit line at high speed. 
The data is output from each memory cell through a bit line, 
an I/O line, a sense ampli?er, a read data bus, and an output 
buffer. At this time, When a signal level output on the bit line 
from the memory cell is 0.1 V, a signal level output on the 
I/O line through the bit line is about 0.05 V, Which becomes 
very small. Therefore, it is likely to receive an in?uence of 
noise, and a sense ampli?er With high precision is needed in 
order to amplify it to a Vdd level of about 1.8 V. 

SUMMARY OF THE INVENTION 

[0007] It is an object of the present invention to prevent a 
signal level from loWering on a bit line in a semiconductor 
memory device, particularly, in an SRAM. 

[0008] In accordance With one aspect of the present inven 
tion, there is provided a semiconductor memory device 
including a memory cell array in Which memory cells each 
having siX transistors are arranged tWo-dimensionally on a 
semiconductor substrate. The semiconductor memory 
device also includes a plurality of Word lines connected to 
each of the memory cells, and arranged on a parallel to each 
other along a ?rst direction, a plurality of bit lines connected 
to each of the memory cells and arranged on a parallel to 
each other along a second direction perpendicular to the ?rst 
direction, and at least tWo gate electrodes provided on the 
semiconductor substrate such that each of the gate electrodes 
is connected to at least one transistor of the siX transistors, 
all of the gate electrodes being arranged on the same straight 
line parallel to the ?rst direction. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The present invention Will become readily under 
stood from the folloWing description of preferred embodi 
ments thereof made With reference to the accompanying 
draWings, in Which like parts are designated by like refer 
ence numeral, and in Which: 

[0010] FIG. 1 is a plane vieW of a structure of gate 
electrodes of a semiconductor memory device according to 
a ?rst embodiment of the present invention; 

[0011] FIG. 2 is a circuit diagram of an equivalent circuit 
corresponding to one memory cell of the semiconductor 
memory device according to the ?rst embodiment of the 
present invention; 

[0012] FIG. 3 is a sectional vieW taken along line A-A‘ 
shoWn in FIG. 1; 

[0013] FIG. 4 is a sectional vieW taken along line B-B‘ 
shoWn in FIG. 1; 

[0014] FIG. 5 is a sectional vieW taken along line C-C‘ 
shoWn in FIG. 1; 

[0015] FIG. 6 is a plane vieW of a ground surface formed 
on the uppermost surface of the memory cell of the semi 
conductor memory device according to the ?rst embodiment 
of the present invention; 

[0016] FIG. 7 is a plane vieW of steps of forming gate 
electrodes according to a manufacturing method of the 
semiconductor memory device according to the ?rst 
embodiment of the present invention; 

[0017] FIG. 8 is a plane vieW of steps of forming stack via 
holes for connection in a formed LIC according to the 
manufacturing method of the semiconductor memory device 
according to the ?rst embodiment of the present invention; 

[0018] FIG. 9 is a plane vieW of steps of burying tungsten 
in a ?rst via hole and etching aWay tungsten eXcept for the 
hole according to the manufacturing method of the semi 
conductor memory device according to the ?rst embodiment 
of the present invention; 

[0019] FIG. 10 is a plane vieW of steps depositing and 
etching aWay a third metal layer according to the manufac 
turing method of the semiconductor memory device accord 
ing to the ?rst embodiment of the present invention; 

[0020] FIG. 11 is a plane vieW of an arrangement of gate 
electrodes in tWo memory cells of a semiconductor memory 
device according to a second embodiment of the present 
invention; 

[0021] FIG. 12 is a plane vieW of an arrangement of gate 
electrodes in four memory cells in a ?rst eXample of the 
semiconductor memory device according to the second 
embodiment of the present invention; and 

[0022] FIG. 13 is a plane vieW of an arrangement of gate 
electrodes in four memory cells in a second eXample of the 
semiconductor memory device according to the second 
embodiment of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0023] A semiconductor memory device and a method of 
manufacturing the same according to preferred embodi 
ments Will be described With reference to accompanying 
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drawings. In addition, the same reference numerals are 
allotted to the substantially same components in the draW 
ings. 

Embodiment 1 

[0024] A semiconductor memory device and a method of 
manufacturing the same according to a ?rst embodiment of 
the present invention Will be described With reference to 
FIGS. 1 to 11. First, an arrangement of gate electrode in the 
semiconductor memory device Will be described With ref 
erence to FIGS. 1 and 2. FIG. 1 is a plane vieW of a 
projective arrangement of the gate electrode connected to siX 
transistors and local inter-connectors in a single memory 
cell. FIG. 2 is an equivalent circuit diagram of the semi 
conductor memory device. 

[0025] The semiconductor memory device includes a 
memory cell array in Which memory cells each having siX 
transistors are arranged tWo-dimensionally. The memory 
cell includes tWo sets of driver transistors 11a and 11b, load 
transistors 12a and 12b, and access transistors 13a and 13b. 
As an eXample of the semiconductor memory device, there 
is an SRAM Which has siX transistors in one memory cell. 
A gate electrode in one memory cell 10 Will be described. 
The memory cell 10 includes tWo kinds of gate electrode. 
More speci?cally, a ?rst gate electrode 3a and a second gate 
electrode 3b Which connect the driver transistors 11a and 
11b to the load transistors 12a and 12b, and a third gate 
electrode 3c and a fourth gate electrode 3a' which connect 
the access transistors 13a and 13b to a Word line WL. The 
?st, second, third and fourth gate electrode 3a, 3b, 3c and 3d 
are arranged on the same straight line parallel With the Word 
line WL (shoWn by a dotted line) in its longitudinal direc 
tion. Thus, a length of the memory cell in the direction of a 
bit line vertical to the Word line WL can be reduced. As a 
result, Wiring capacitance and Wiring resistance of the bit 
line can be reduced, Which speeds up reading and Writing. 
Particularly, in reading data, data is output from each 
memory cell though a bit line, an 1/0 line, a sense ampli?er, 
a read data bus and an output buffer. At this time, since the 
length of the bit line can be reduced, a signal level When 
reached the 1/0 line through the bit line is prevented from 
loWering as compared With a signal level taken out of the 
memory cell to the bit line. Thus, an output from the 
memory cell can be extremely increased and a circuit 
con?guration employing the sense ampli?er system can 
correspond to high speed. 

[0026] In addition, each of the gate electrodes 3a, 3b, 3c 
and 3d has a rectangular con?guration having sides of 
straight lines With no notched portion nor projection. There 
fore, since the gate electrodes 3a, 3b, 3c and 3d can be 
formed With high precision, each transistor characteristic 
can be stabiliZed. As a result, as-the semiconductor memory 
device, stable characteristics can be provided. Furthermore, 
since all of the gate electrodes in the memory cell are 
arranged on the straight line, an unnecessary area can be 
reduced. Furthermore, the number of contact holes and via 
holes in the cell plane can be reduced, so that the cell area 
can be reduced. In addition, the Word line in the longitudinal 
direction is referred to as a ?rst direction and the direction 
runs at right angles to the ?rst direction is referred to as a 
second direction. It should be noted that the third electrode 
3c, the ?rst electrode 3a, the second electrode 3b, and the 
fourth electrode 3d are respectively arranged from the one 
end of the straight line to the other end of the straight line. 

[0027] Moreover, in this semiconductor memory device, 
each of the gate electrodes is in contact through a local 
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inter-connector (LIC) described in US. Pat. No. 5,541,427. 
More speci?cally, each of the gate electrodes is connected 
not through a via hole formed directly in the gate electrode 
but through the local inter-connector (LIC) formed of tung 
sten using damascene process. Since the LIC is used, it is not 
necessary to provide a cover margin for connection When 
each of the gate electrode is formed and the rectangular gate 
electrode having sides of straight line With no notched 
portion nor projection can be laid out. Furthermore, since the 
?rst, second, third and fourth gate electrodes 3a, 3b, 3c and 
3d are laid out on the same straight line, pattern distortion 
caused by interference can be prevented at a step of forming 
the gate electrode by photolithography. Thus, an optical 
proXimity effect in the photolithography can be prevented. 
As a result, the gate electrode can be miniaturiZed. In 
addition, it is not necessary change the con?guration of the 
gate electrode for optical proXimity correction (OPC). Thus, 
it is not necessary to set a transcription margin, its yield can 
be improved. In addition, highly precise transcription can be 
implemented by employing a regular layout pattern using a 
super resolution technique. 

[0028] Furthermore, the memory cell 10 has a plane 
con?guration in Which the Word line WL in its longitudinal 
direction is much longer than the bit line BIT in its longi 
tudinal direction. In addition, since there are many contacts 
in the SRAM as compared With a DRAM and ?ush memory, 
the cell area varies depending Whether the contacts can be 
provided borderlessly. According to the above-described 
semiconductor memory device, the cell area is considerably 
reduced by using the LIC. For eXample, even if the LIC is 
located on an isolating region, it can get in contact Without 
scraping an isolating oXide ?lm formed on the isolating 
region. 
[0029] Furthermore, a structure of each layer provided in 
the direction vertical to the surface of a semiconductor 
substrate 1 in the semiconductor memory device Will be 
described With reference to FIGS. 3 to 6. FIGS. 3, 4 and 5 
are sectional vieWs taken along lines A-A‘, B-B‘ and C-C‘ 
shoWn in FIG. 1, respectively. FIG. 6 is a plane vieW of an 
uppermost surface of the semiconductor memory device. 

[0030] (a) First, a P-Well region, an N-Well region 
and P-Well region are formed on the semiconductor 
substrate 1 in the semiconductor memory device 
along the Word line in the longitudinal direction 
(hereinafter referred to as “?rst direction”) in this 
order as shoWn in the sectional vieW in FIG. 3. In 
addition, the access transistor 13, the load transistor 
12 and the driver transistor 11 are formed With 
isolated from each other by element isolating oXide 
?lms (STI). 

[0031] (b) Then, the ?rst and second gate electrodes 
3a and 3b formed of polysilicon for connecting the 
driver transistor 11 to the load transistor 12 eXtend in 
the same straight line parallel With the ?rst direction. 
Furthermore, the third and fourth gate electrodes 3c 
and 3d formed of polysilicon are provided on the 
access transistor 13 and eXtend along the same 
straight line as that of the ?rst and second gate 
electrodes 3a and 3b. 

[0032] (c) As shoWn in FIG. 5, the ?rst and second 
gate electrodes 3a and 3b are in contact through the 
?rst and second local inter-connectors (LIC’s) 5a 
and 5b Which are formed of tungsten and buried by 
damascene process in trenches for the local inter 
connectors provided in an interlayer insulating ?lm 
6a deposited thereon. 
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[0033] (d) Then, as shown in FIG. 4, LIC’s 5k and SI 
are connected to a ?rst metal layer 8 through a stack 
via hole. 

[0034] (e) Furthermore, as shoWn in FIG. 5, When 
the gate electrodes 3a and 3b are connected to the 
LIC’s 5a and 5b, respectively, even if mask mis 
alignment occurs, the misalignment is alloWable so 
long as it is Within a Width of a sideWall. 

[0035] In addition, a cross couple interconnecting of an 
inverter in the memory cell is provided using the LIC. The 
Word line WL is formed of a ?rst metal. The bit line BIT and 
a VDD line are formed of a second metal. In addition, a 
GND is formed of a third metal. 

[0036] Furthermore, each length, Width or the like of the 
gate electrodes 3a, 3b, 3c and 3d may be substantially the 
same and an each interval betWeen the gate electrodes may 
be the same. In this case, the interval to be buried betWeen 
layers is uniform. Thus, not only a BPSG ?lm Which has a 
good ?oWability but also an NSG ?lm, a PSG ?lm or the like 
Which has a small ?oWability can be used as an interlayer 
insulating ?lm. Therefore, the degree of freedom of material 
selection can be improved and costs can be reduced. In 
addition, the material for the interlayer insulating ?lm can be 
selected in accordance With processing difficulty of the 
CMP, dielectric constant to be set, dif?culty of void genera 
tion, soft error or the like. 

[0037] Furthermore, a ground surface 15 serving as a 
ground GND of the memory array is formed on the upper 
most surface of the semiconductor memory device. Since 
the ground surface 15 is provided on the uppermost surface, 
a ?lm thickness an be increased and a large area can be 
provided, Whereby grounding can be implemented by a 
loW-resistance interconnecting and a ground potential is 
stabiliZed. As a result, even in a hard sequence in Which 
Writing and reading are frequently performed, ?oating or 
noise of the GND can be tolerated and access time is 
improved. 
[0038] Then, a manufacturing method of the semiconduc 
tor memory device Will be described With reference to FIGS. 
7 to 10. The semiconductor memory device is manufactured 
according to the folloWing steps. 

[0039] (1) A semiconductor substrate 1 is prepared. 

[0040] (2) An oXide ?lm 2 for isolating elements such 
as shalloW trench isolation (STI) is formed at a 
predetermined position on the semiconductor sub 
strate 1. 

[0041] (3) Well regions are formed by implanting 
ions at predetermined positions of the substrate 1. In 
this case, as shoWn in FIG. 7, the P-Well region, the 
N-Well region and the P-Well regions are formed on 
the semiconductor substrate 1 so as to be arranged in 
this order. In addition, this arranged direction is 
called a ?rst direction. The ?rst direction is the 
longitudinal direction of the memory cell 10. 

[0042] (4) After a gate oXide ?lm is deposited on the 
semiconductor substrate 1, a poly-silicon layer 3 to 
be the gate electrode is deposited on the gate oXide 
?lm. 

[0043] (5) SiX transistors 11a, 11b, 12a, 12b, 13a and 
13b are formed on the semiconductor substrate 1 by 
ion implantation. The siX transistors can be divided 
in tWo sets, e.g. ?rst and second sets, such that each 

Jul. 22, 2004 

set has a driver transistor, a load transistor, and an 
access transistor. Then, the ?rst set includes a driver 
transistor 11a, a load transistor 12a, and an access 
transistor 13a, and the second set includes a driver 
transistor 11b, a load transistor 12b, and an access 
transistor 13b. 

[0044] (6) Then, the polysilicon layer is patterned to 
form the ?rst, second, third and fourth gate elec 
trodes 3a, 3b, 3c and 3d, as shoWn in FIG. 7. Here, 
the driver transistor 11a and the load transistor 12a 
of the ?rst set are linearly connected by the ?rst gate 
electrode 3a. Also, the driver transistor 11b and the 
load transistor 12b of the second set are linearly 
connected along the ?rst direction by the second gate 
electrode 3b. The third gate electrode 3c is connected 
to the access transistor 13a. The fourth gate electrode 
3a' is connected to the access transistor 13b. Each of 
the gate electrodes 3 has rectangular con?gurations 
having sides of straight lines With no notched portion 
nor projection and regularly arranged. Therefore, 
during patterning, precision of the miniaturiZation 
can be improved. Furthermore, as shoWn in FIG. 7, 
since the four gate electrodes 3a, 3b, 3c and 3d are 
arranged on almost the same straight line, the length 
of the bit line direction in the memory cell can be 
reduced. Still further, since the gate electrode can be 
linearly laid out like a metal, even When a problem 
With respect to an electrical characteristic arises 
because of an interval ratio betWeen the transistors, 
the characteristic can be improved by changing the 
layout. 

[0045] (7) A sideWall 4 is formed on side of the gate 
electrode 3. 

[0046] (8) Asource region S and a drain region D are 
formed under the semiconductor substrate by ion 
implantation. 

[0047] (9) A CoSi2 layer is formed on the semicon 
ductor substrate. 

[0048] (10) An etching stopper ?lm is deposited on 
the CoSi2 layer. 

[0049] (11) A insulating ?lm 6a is deposited on the 
etching stopper ?lm. The insulating ?lm 6a is pla 
nariZed. 

[0050] (12) The planariZed insulating ?lm 6a is 
etched aWay using a mask for the local-inter con 
nector (LIC). At this time, the etching is stopped by 
the etching stopper ?lm. 

[0051] (13) The etching stopper ?lm Which is 
eXposed by etching of the planariZed insulating ?lm 
6a is removed to provide a trench for the LIC. 

[0052] (14) Then, tungsten is deposited in the 
trench for LIC and ?attened to leave the tungsten 
only in the trench (that is W (tungsten) damascene 
process) to form tungsten LIC’s 5a, 5b, 5i, 5j, 5k and 
SL The gate electrodes can be in contact through the 
LIC’s 5a, 5b, 5i and 5j. Thus, it is not necessary to 
change the con?guration of the gate electrodes to 
provide a margin for a contact. In addition, the LIC’s 
5a and 5b can be formed by single damascene 
process for only connecting. An active region of the 
driver transistor 11b of the second set and an active 
region of the load transistor 12b of the second set are 
connected to the ?rst gate electrode 3a by the LIC 



US 2004/0141403 A1 

5a. An active region of the driver transistor 11a of 
the ?rst set and an active region of the load transistor 
12a of the ?rst set are connected to the second gate 
electrode 3b by the LIC 5b. The LIC 5a is corre 
sponding to a ?rst connector, and LIC 5b is corre 
sponding to a second connector. The third gate 
electrodes 3c and the fourth gate electrode 3d are 
respectively connected to Word line WL by the LIC’s 
5i, and 5j. The LIC Si is corresponding to a third 
connector, and the LIC 5j is corresponding to fourth 
connector. 

[0053] (15) A insulating ?lm 6b is formed on the 
insulating ?lm 6a. The insulating ?lm 6b is pla 
nariZed. 

[0054] (16) A hole for a stack via hole 7 is formed 
through the insulating ?lms 6a and 6b. 

[0055] (17) Tungsten other than that in the tungsten 
LIC 5 and in the stack via hole 7 is removed, as 
shoWn in FIG. 8. Then, the stack via hole 7 for 
connecting the Word line WL through the LIC’s 5i 
and 5j can be formed. 

[0056] (18) The ?rst method layer 8 is deposited on 
the Whole surface of the insulating ?lm 6b. 

[0057] (19) A ?rst metal layer 8 is removed by using 
a mask for the ?rst metal eXcept for a predetermined 
position, Whereby the Word line WL formed of the 
?rst metal 8 can be formed as shoWn in FIG. 10. 

[0058] (20) An interlayer insulating ?lm 6c is depos 
ited on the insulating ?lm 6b and the ?rst metal layer 
8. 

[0059] (21) A ?rst via hole 14 is formed through the 
insulating ?lm 6c. 

[0060] (22) Tungsten is buried in the ?rst via hole 14 
and then, it is removed by etching eXcept for that part 
as shoWn in FIG. 9, Whereby electrical connection 
from the ?rst metal 8 to the upper layer can be 
implemented. 

[0061] (23) Asecond metal layer 9 is deposited on the 
insulating ?lm 6c and removed eXcept for predeter 
mined positions, Whereby the bit line and the VDD 
line are formed. 

[0062] (24) An interlayer insulating ?lm 6a' is depos 
ited on the insulating ?lm 6c and the second metal 
layer 9. 

[0063] (25) A second via hole 16 is formed through 
the insulating ?lm 6d by etching. 

[0064] (26) Tungsten W is buried in the second via 
hole 16 and tungsten other than that is removed by 
etching. 

[0065] (27) A third metal layer 15 is deposited over 
the insulating ?lm 6d and removed eXcept for the 
predetermined positions as shoWn in FIG. 10. The 
third metal layer 15 serves as the ground GND of the 
Whole memory cell array. Since the ground surface is 
provided on the uppermost surface of the laminated 
structure, the ground surface Which is almost the 
same as large as the memory cell can be provided. In 
addition, since the ?lm thickness can be increased, a 
ground potential becomes stable. 
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[0066] Thus, the semiconductor memory device can be 
provided according to the above-steps. According to the 
manufacturing method of the semiconductor memory 
device, the gate electrodes in the single memory cell can be 
arranged almost on the same straight line and the length in 
the bit line direction can be reduced, Whereby a signal level 
of data on the bit line can be prevented from deteriorating. 

[0067] MeanWhile, according to the manufacturing 
method of the semiconductor memory device, there can be 
provided the semiconductor memory device including the 
gate electrodes 3a, 3b, 3c and 3d arranged on the same 
straight line parallel to the Word line. As a result, the length 
of the bit line vertical to the Word line can be reduced and 
the signal level on the bit line can be prevented from 
loWering. In addition, there can be provided the semicon 
ductor memory device including the gate electrode 3 With 
the rectangular con?guration having sides of straight lines 
With no notched portion nor projection. As a result, the 
transistor characteristics of the transistors such as driver 
transistor 11, the load transistor 12 and the access transistor 
13 Which constitute the semiconductor memory device 
becomes stable and uniform. Consequently, stable charac 
teristics as the semiconductor memory device can be pro 
vided. 

Embodiment 2 

[0068] A semiconductor memory device according to an 
embodiment 2 of the present invention Will be described 
With reference to FIG. 11. FIG. 11 is a plane vieW of an 
arrangement of the gate electrodes in tWo memory cells 10a 
and 10b. According to this semiconductor memory device, 
all of the gate electrodes 3a, 3b, 3c, 3d, 36, 3f 3g and 3h 
connected to each transistor in the tWo memory cells 10a and 
10b Which are juxtaposed along the longitudinal direction of 
a Word line are arranged on the same straight line. Thus, a 
bit line length can be reduced as the Whole of the memory 
cell and the Word line can be straight Without snaking its Way 
along each of the memory cells. Thus, a signal level on the 
bit line can be prevented from loWering and the arrangement 
of the Word line can be simple. Furthermore, the gate 
electrode has a rectangular con?guration constituted by 
sides of straight lines. As a result, the gate electrode can be 
laid out easily and further miniaturiZed. 

[0069] Furthermore, in this case, each of the memory cells 
10a and 10b is a recurring unit and has the same structure of 
the gate electrode 3. HoWever, it is all right so long as all of 
the gate electrodes of the tWo memory cells juxtaposed to 
each other are arranged in the longitudinal direction of the 
Word line and the recurring unit of each memory cell does 
not necessarily coincide With that of the Whole. For eXample, 
tWo memory cells 10a and 10b may be a recurring unit. In 
this case, the memory cells 10a and 10b may be aXisym 
metric about a borderline. Furthermore, a recurring unit is 
constituted of tWo or more memorial cells. 

Embodiment 3 

[0070] A semiconductor memory device according to an 
embodiment 3 of the present invention Will be described 
With reference to FIGS. 12 and 13. FIG. 12 is a plane vieW 
of an arrangement of gate electrodes of four memory cells 
10a, 10b, 10c and 10d. FIG. 13 is a plane vieW of another 
arrangement of gate electrodes in consideration of the sym 
metric property of each memory cell. According to the 
semiconductor memory device in the ?rst eXample, as 
shoWn in FIG. 12, a memory cell array is provided in such 
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a manner that one memory cell is a recurring unit. In this 
case, the gate electrodes of the four memory cells 10a, 10b, 
10c and 10d have the same structure. 

[0071] According to the semiconductor memory device in 
the second example, as shoWn in FIG. 13, four memory cells 
are constituted as one recurring unit. More speci?cally, the 
memory cells 10a and 10b are mirror symmetric With each 
other according to the structure of the gate electrode. In 
addition, the memory cells 10a and 10c are also mirror 
symmetric With each other. Therefore, the memory cells 10a 
and 10d have the same structure of the gate electrodes and 
the memory cells 10b and 10c have the same structure of the 
gates. In this case, as shoWn in FIG. 13, it is not necessary 
to individually provide contacts betWeen memory cells and 
they are shared, thereby increasing the degree of alloWance 
of the gate electrodes. Furthermore, the recurring unit is not 
limited to the above case and there may be provided a 
recurring unit including a plurality of memory cells by 
appropriately selecting the structure of the gate electrodes. 

[0072] According to the semiconductor memory device of 
the present invention, all of the gate electrodes in the single 
memory cell are arranged on the same straight line parallel 
to the longitudinal direction of the Word line. Thus, the 
length in the direction of the bit line vertical to the Word line 
can be reduced in one memory cell. As a result, Wiring 
capacitance and Wiring resistance of the bit line can be 
reduced and then reading and Writing speed is increased. 
Especially, in reading, a memory cell current can be con 
siderably increased and a circuit structure of a sense ampli 
?er system can corresponds to high speed. Meanwhile, the 
signal level on the bit line can be prevented from loWering. 

[0073] Although the present invention has been described 
in connection With the preferred embodiments thereof With 
reference to the accompanying draWings, it is to be noted 
that various changes and modi?cations are apparent to those 
skilled in the art. Such changes and modi?cations are to be 
understood as included Within the scope of the present 
invention as de?ned by the appended claims, unless they 
depart therefrom. 

What is claimed is: 
1. A semiconductor memory device comprising: 

a memory cell array in Which memory cells each having 
siX transistors are arranged tWo-dimensionally on a 
semiconductor substrate; 

a plurality of Word lines connected to each of the memory 
cells, and arranged on a parallel to each other along a 
?rst direction; 

a plurality of bit lines connected to each of the memory 
cells and arranged on a parallel to each other along a 
second direction perpendicular to the ?rst direction; 
and 

at least tWo gate electrodes provided on the semiconduc 
tor substrate such that each of the gate electrodes is 
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connected to at least one transistor of the siX transistors, 
all of the gate electrodes being arranged on the same 
straight line parallel to the ?rst direction. 

2. A semiconductor memory device according to claim 1, 
Wherein all gate electrodes in tWo memory cells adjacent to 
each other in the ?rst direction are arranged on the substan 
tially same straight line. 

3. A semiconductor memory device according to claim 1, 
Wherein each of the gate electrodes has a rectangular con 
?guration having sides of straight line. 

4. A semiconductor memory device according to claim 1, 
Wherein the semiconductor memory device has a laminated 
structure in Which layers are laminated on the semiconductor 
substrate and a ground surface serving as a ground of each 
memory cell is formed on the uppermost surface of the 
laminated structure. 

5. A semiconductor memory device according to claim 1, 
Wherein the siX transistors comprises ?rst and second sets of 
driver transistor, load transistor and access transistor, and the 
gate electrodes comprises: 

a ?rst gate electrode connecting the driver transistor and 
the load transistor of the ?rst set; 

a second gate electrode connecting the driver transistor 
and load transistor of the second set; 

a third gate electrode connected to the access transistor of 
the ?rst set; and 

a fourth gate electrode connected to the access transistor 
of the second set, 

Wherein the third electrode, the ?rst electrode, the second 
electrode, and the fourth electrode are respectively 
arranged from the one end of the straight line to the 
other end of the straight line. 

6. A semiconductor memory device according to claim 5, 
further comprising: 

a ?rst connector connecting ?rst gate electrode to an 
active region of the driver transistor of the second set 
and an active region of the load transistor of the second 
set; 

a second connector connecting ?rst gate electrode to 
active region of the driver transistor of the ?rst set and 
an active region of the load transistor of the ?rst set; 

a third connector connecting the third gate electrode and 
the Word line; and 

a fourth connector connecting the fourth gate electrode 
and the Word line, 

Wherein the ?rst and second connectors respectively 
include parts Which are parallel to the all of the gate 
electrodes. 


